, HAp/GEL/Glutaraldehyde (GA), HAp/GEL/Zn and HAp/GEL/GA/Zn were prepared using the biomimetic process. The nanocrystals were characterized by Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR) and X-ray diffraction analysis (XRD). The FT-IR spectra of HAp/GEL nanocrystal materials are similar to the spectrum of real bone. Nanocrystals show (002), (222), (211) and (112) planes, which confirm formation of hydroxyapatite phase. Lattice parameters from X-ray diffraction spectra showed that the metal cation was incorporated into the hydroxyapatite structure and has substituted for calcium in the HAp crystal structure and all of the doped HAp formulations were biphasic and crystalline. The hydroxyapatite/gelatin/zinc (HAp/GEL/Zn) composite sintered in 900°C demonstrated that the c-axes of HAp nanocrystals were regularly aligned along collagen fibers.
INTRODUCTION
Natural bone is a composite material made up of collagen (COL) fiber matrix stiffened by hydroxyapatite(HAp) (Ca 10 (PO 4 ) 6 (OH) 2 ) crystals that account for 69% of the weight of the bone (Van et al., 1986) . The organic phase is composed mainly of a protein, type I collagen (Kalpana 2004) . Hydroxyapatite (HAp) is a class of calcium phosphate-based bioceramic, often used as a bone graft substitute owing to its chemical and as bone substitutes having similar biocompatibility and osteoconductivity to bone. The stoichiometric HAp has a chemical composition of Ca 10 (PO 4 ) 6 (OH) 2 with Ca/P ratio of 1.67 (Murugan and Ramakrishna, 2005; Gineste et al., 1999; Sonju Clasen and Ruyter, 1997; Carotenuto et al., 1999) . The combination of calcium phosphates and natural or synthetic polymers to develop suitable bone substitutes has been intensively investigated and many researchers have been done to give the biocompatible, bioactive, biodegradable and osteoconductive properties of the *Corresponding author. E-mail: m.kashani@iust.ac.ir. natural bone. These composites are being developed with the aim to increase the mechanical scaffold stability and to improve tissue interaction (Itoh et al., 2002) .
The practical problems with COL type-I (collagen type-I) are its cost and the poor definition of commercial sources of this material. Therefore in the present study, COL type -1 was replaced by a gelatin (GEL) precursor. Gelatin is a natural biopolymer obtained by partial hydrolysis of collagen (Myung et al, 2003) .
The HAp-embedded collagen nanostructure has been reproduced through a self-organization reaction of HAp nanocrystals using a biomimetic coprecipitation method (Kikuchi et al., 1999; Chang et al., 2001; Chang et al., 2002) , which is based on the idea that biologic systems store and process information at the molecular level (Mann and Ozin, 1996; Stupp and Braun, 1997) . To mimic the cross-linkage process in toughening of biological bone, glutaraldehyde (GA) was added as a cross-linkage agent in the HAp/COL slurry after coprecipitation reaction. The reaction of GA in the collagen matrix is highly heterogeneous and complicated (Olde Damink et al., 1995) .
Zinc is naturally present in bone (Jallot et al., 1999) and stimulates bone growth and bone mineralization (Yamaguchi et al., 1986 (Yamaguchi et al., , 1987 (Yamaguchi et al., , 1988 . Zinc has a direct effect on osteoblastic cells in vitro (Hashizume and Yamaguchi, 1993) , a potent inhibitory effect on osteoclatic bone resorption (Kishi and Yamaguchi, 1994) and is also known to modify the production of cytokines (Bao et al., 2003) . Zinc is an essential trace element having stimulatory effects on bone formation in vitro and in vivo and must be released slowly from the implant because zinc at an elevated level induces adverse reactions.
For the slow release of zinc, β-TCP is one of the most adequate zinc carriers. β-TCP crystal structure has an atomic site, known as a Mg site, that can incorporate divalent cations with an ionic radius ranging from 0.060 to 0.080 nm (Schroeder et al, 1977; Atsu et al., 2002) . The ionic radius of zinc is 0.075 nm. β-TCP ceramics are highly biocompatible and resorb slowly in bone tissue.
Generally the uses of composites for bone biomaterials have included three broad areas: functionally graded composites, polymer-ceramic composites (with and without fiber reinforcements) and biomimetic composites or composites with biological macromolecules (Kalpana 2004) . The biological process generates highly ordered materials with hybrid composition, complex texture, and ultra-fine crystallites through hierarchical self-assembly. Therefore, it is believed that making of nanocrystal grafts with certain features of natural bone either compositionally or structurally using biomimetic self-assembly may replicate the natural process. This method involves a bottom-up approach, which begins by designing and synthesizing molecules that have the ability to selfassemble or self-organize spontaneously into a higher order of microscale or macroscale structure (Stupp and Brawn, 1997; .
Biomimetic processing is based on the idea that biologic systems store and process information at the molecular level. The extension of this concept to the processing of synthetic bone and other synthetic tissues has increased in the last few years. A biomimetic nanocrystal is described in such that it can be used as a replacement material for a variety of body applications. The biomimetic nanocrystal includes a fully intermixed and nearly uniformly dispersed composition including hydroxyapatite nanocrystals, gelatin fibers and a polymer. The biomimetic nanocrystal can also be used in a wide range of tissue engineering applications. The biomimetic nanocrystal can be made in scaffolds, which can deliver cells, growth factors and other additives to a healing site. This can be used to regenerate bone, cartilage and other tissues (Ko et al., 2007) .
In the present paper, studies of synthesis of HAp with small additions of zinc and cross linked with GA, are reported. In addition, the composites were extensively characterized by SEM/EDX, FT-IR and XRD for morphology, composition and crystallinity evaluation.
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MATERIALS AND METHODS
Synthesis of hydroxyapatite/gelatin nanocrystal
The slurry for HAp/GEL composite was prepared by the simultaneous titration method. The amount of Ca(OH)2(Merck) and H3PO4(85%, Merck) was calculated to make 10 g of HAp. A homogeneous suspension that included Ca(OH)2 dispersed in 21 ml of DI (deionized) water and an aqueous H3PO4 solution with 5 g of GEL(Fluka, From Porcine Skin) was gradually added to the reaction vessel. After the coprecipitation reaction, the total volume was adjusted as 41 ml. The temperature and pH of the reaction solution in the vessel was maintained at 38°C and 8.0, respectively. The reaction temperature was controlled by a water bath. After the reaction, the HAp/GEL slurry was aged at 38°C for 24 h. The precipitated HAp/GEL slurry was filtered and washed 5 times for 1 h with DI water. The final composite was naturally dried at 25°C in the air (Masanori et al., 2001 ).
Preparation and cross-linkage of hydroxyapatite/gelatin nanocrystals
After the reaction, the obtained slurry was aged at 38°C for 24 h. Then, 0.3 g of GA (25%, Merck) was added and the slurry samples were picked up after 2 h (Myung et al., 2003) . The precipitated HAp/GEL/GA slurry was filtered and washed 5 times for 1 h with DI water. The final composite was naturally dried at 25°C in the air.
Preparation and cross-linkage of hydroxyapatite/gelatin nanocrystal doped with Zn
2+
ZnCl2 (Merck) in the amount of 0.01 M was added the Ca(OH)2 solution and the same steps of the process were followed. The molar ratio (Ca+Zn)/P=1.67 was used to calculate the weight amount of the reagents for the synthesis of 10 g of calcium phosphate doped with Zn 2+ (Santos et al., 2007) . Then, a part of powder was subjected to heat treatment at 900°C for 2 h for SEM observation. The morphologies of the products were observed through scanning electron microscopy (SEM, Cambridge S365). The crystal phase and structure of the products were determined by X-ray powder diffraction (XRD) with Siemens D5000. FT-IR spectra of nanocrystals were measured upon using KBr pellets. The FT-IR spectra were obtained using a Shimadzu-8400S spectrophotometer in the wave number region of 4000 to 400 cm −1 .
Determination of crystallite size of nanohydroxyapatites
The crystallite size of HAp nanoparticles was determined using the diffraction peak of the (0 0 2) plane and the Scherrer equation (Barett et al., 1986; Rusu et al., 2005) .
(1)
Where D is the average crystallite size, β the corrected full width of the peak at half of the maximum intensity, FWHM (in radians), λ the wavelength of X-ray radiation (0.1540562 nm), K is a constant related to the crystallite shape and is approximately… (?) Lattice parameters (a and c) were calculated from peaks (2 0 0) and (0 0 2), respectively, using the standard HCP unit cell plane spacing relationship (Cullity, 1978) : 
RESULTS AND DISCUSSION
As shown in Figure 1 , the FT-IR spectra of nanocrystals are very similar to the spectra of real bone and HAp/COL system? HAp/GEL composite show the typical hydroxyl ion peak at 3568 cm indicates that HAp/GEL composite adopt a α-helical configuration and this is confirmed by the appearance of amide II mode at 1541 cm -1 . A broad phosphate band in the range from 1200 to 960 cm -1 derives from the P-O asymmetric stretching mode (ν3) of the PO 4 3-group. The broad shape indicates a deviation from the ideal tetrahedral structure of the phosphate ions (Stoch et al., 2000) . The triple (ν4) and double (ν2) degenerated bending modes of O-P-O bonds were found at 604 and 567 cm -1 (Frank et al., 2007) . The band at 1339 cm -1 in COL is attributed predominantly to the so-called wagging vibration of proline side chains (Meyers et al., 2008) . GEL also represents the same band. The red shift of the 1339 cm -1 band in GEL has been effectively used to confirm the chemical bond formation between carboxyl ions in GEL and HAp phases. It was observed the typical bands such as N-H stretching at ~3310 cm -1 for the amide A, C-H stretching at ~3063 cm -1 for the amide B, C-O stretching at 1600 to 1700 cm -1 for the amide I, N-H deformation at 1500 to 1550 cm -1 for the amide II and N-H deformation at 1200 to 1300 cm -1 for the amide III band (Sonju Clasen and Ruyter, 1997; Payne and Veis, 1988; Doyle, 1975; Epaschalis et al., 1997) . Normally, the amide I band is strong, the amide II band is weak and the amide III band is moderate.
GA (OHCCH 2 CH 2 CH 2 CHO) has two functional groups to be able to link with free amine groups of lysine or hydroxylysine amino acid residues of the polypeptide chains in GEL. All available free amine groups of GEL react with the aldehyde groups of GA to form Schiff bases within 5 min (Olde Damink et al., 1995) and then a large variety of subsequent reactions are involved in the crosslinking of the material (Matsuda et al., 1999; Jakobsen et al., 1983) .
It is believed that the red shift in the HAp/GEL system is encouraged by the wagging vibration through the covalent bond formation with Ca 2+ ions of HAp nanocrystals. It is known that the carboxylic acid groups of GEL at pH>7 are largely ionic in form and offer binding sites for Ca ions because of the ionic attraction (Jakobsen et al., 1983) . It should be noted that the hexagonal cell is composed of three primitive cells, brought together at their 120° angles (3 × 120° = 360°). In the case of the hydroxyapatite unit cell, there are four unit cells: two at the 60° angle and two at the 120°(2 × 60° + 2 × 120° =360°) (Meyers et al., 2008) . Phase analysis of the XRD patterns of the HAp/GEL/Zn and HAp/ GEL/GA/Zn nanocrystals detected different calcium phosphates in the diffraction patterns. A second phase appears when the added cation went into the nanocrystals (Figures 2 and 3) . The additional peaks in the patterns indicated presence of the new phases in the HAp lattice consisting mainly of tricalcium phosphate (TCP). TCP has a Ca/P ratio of 1.5 (in comparison to 1.67 for HAp). Zn 2+ is known to have an inhibitory effect on HAp formation and to reduce the crystallinity of Hap (LeGeros, 1991; de Groot, 1983) . β-Ca 3 (PO 4 ) 2 crystallizes in a rhomobohedral unit cell with space group R3c. In pure β-Ca 3 (PO 4 ) 2 (Jallot et al., 1999) , Ca 2+ ions are distributed between five crystallographic sites. Four of them are completely filled, the Ca(4) site is only half occupied. The environment of the cations is such that Ca(1), Ca (2) seven and Ca(3) eight coordinated to oxygen atoms. Ca(4) is six coordinated, similar to Ca(5), whose environment is nearly octahedral, however, with only a small axial (trigonal) distortion component. Mayer et al. (2008) reported that the Mn 2+ ions occupy the hexacoordinated Ca(5) site solely. The change in the average crystallite size of HAp/GEL and HAp/GEL/GA, HAp/GEL/Zn, HAp/GEL/GA/Zn nanocrystals are shown in Table 1 , as determined with the Scherrer equation. Using the (002) plane when the HAp is synthesized by simultaneous titration, its ultimate particle size is around 36 nm.
Lattice parameter information was also obtained from the XRD spectrums. Standard lattice parameter values of a HAp hexagonal crystal, a and c, are 9.44 and 6.88Å, respectively, according to JCPDS 9-432. The HAp/GEL synthesized by simultaneous titration is close to HAp. Atsu et al. (2002) reported that the growth of the c-face proceeded in a multiple two-dimensional nucleation mode with no spiral growth being observed regardless of the presence of zinc or magnesium, and zinc reduced the diameter of the two-dimensional nuclei more effectively than magnesium.
The HAp structure shrank in volume and lattice parameters of HAp/GEL/Zn and HAp/GEL/GA/Zn nanocrystals were smaller than in pure HAp. Because the cation Zn is smaller than calcium ions, it is reasonable that their substitution for calcium resulted in a shrinkage of the apatite structure. Ionic radius of Zn 2+ with a 6-coordination number with oxygen is 0.72Å, compared with 1.00Å for Ca (Shannon, 1976) . Changes in overall volume may imply that dopant substituted for calcium in the HAp lattice since cations smaller than calcium corresponded with shrinkage in crystal volume. These results are consistent with previous work by Ergun et al. (2002) The EDX analysis of the HAp powders resulted in higher concentration of P and Ca elements. The EDX spectrum of HAp/GEL/Zn (Figure 4) showed the presence of zinc peaks, determining the presence of this element in the material constitution. Therefore, the results have given evidence that zinc (as Zn 2+ ) has been successfully incorporated into composite.
It is well known that the rate of mineral formation in bone biology is highly dependent on factors such as pH, the concentration of calcium, phosphate as well as other physiological ions. The carboxyl ion can be an especially active site for the coordination of calcium ions to form ion complexes. These complexes can further interact with PO 4 3-ions. It is noted that HAp sample prepared without GEL shows a good crystallinity, but the preferred (002) orientation is not readily apparent. The preferred orientation is greatly enhanced in the HAp/GEL composite system. That is, GEL molecules in the batch induced the strongly preferred development of (002) plane in HAp crystals. GEL macromolecules appear to have a regulatory function for crystal formation. It is known that (002) axis of HAp nanocrystals in bone is associated and aligned with the collagenous matrix in that they are largely arranged with their c axis parallel with the COL fibers. When HAp/GEL/Zn nanocrystal sintered in 900°C, the morphology of HAp particles is clearly rod shape ( Figure 5C ).
Two crystallographically different Ca sites exist in the HAp crystal structure. According to the latest study on the HAp structure, Ca(2) appears on the terminated surface of HAp crystals. The Ca(2) has a coordination Rezakhani and Motlagh 2773 number of 7, and is strictly held in the structure. On the surface, 2 coordinates of Ca(2) perpendicular to c-axis are lost, which allows to interact with dissociated carboxyl groups on the collagen surface via strict direction. The carboxyl groups, of course, can rotate freely; however, the carboxyl group direction is determined perpendicular to the collagen molecule when the interaction between the carboxyl group and the next Ca(2) on the same HAp crystal occurs. This mechanism obviously results in paralleling of the long axis of a collagen molecule to the c-axis of Hap (Masanori et al., 2004) . It can confirm that this method induces self-assembly mechanism. We believe this is a good evidence of selfassembly of apatitic nanocrystals in GEL matrix. Different nanocrystals of hydroxyapatite-gelatin, HAp/GEL/ Glutaraldehyde, HAp/GEL/Zn and HAp/GEL/GA/Zn were prepared using the biomimetic process. When HAp/ GEL/Zn nanocrystals sintered in 900°C, the morphology of HAp particles is clearly rod shape. It is confirmed that this method induces self-assembly mechanism.
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